found that the expression of DC-SIGN in HEK293 cells stably expressing DC-SIGN was 36 reduced by resveratrol and the phagocytic activity was significantly inhibited by resveratrol. 37
and that resveratrol significantly inhibited the activities in a dose-dependent manner at all 197 incubation times (Fig. 1A and B) . In addition, it was found that the activities increased as 198 ratios of the number of bacterial cells to that of phagocytes increased and the activities at 199 almost all ratios were suppressed by resveratrol ( Fig. 1C and 1D ). phagocytosis of E. coli or S. aureus by RAW264.7 cells ( Fig. 2A) and THP-1 cells (Fig. 2B)  207 and that the enhancement was significantly inhibited by resveratrol in a dose-dependent 208 manner ( Fig. 2A, B) . 209
In the following experiments, we tried to evaluate phagocytosis by another assay method 210 using CLSM that enables the number of bacterial particles phagocytosed per cell to be 211 counted (Fig. 3A) . The analysis demonstrated that FSL-1 treatment caused a significant 212 increase in the number of THP-1 cells phagocytosing multiple E. coli particles and that 213 resveratrol treatment reduced the number of cells phagocytosing E. coli particles (Fig. 3B) as 214 well as the percentage of the cells phagocytosing E. coli particles to total cell number 215 analyzed (Fig. 3C) . 216
Thus, resveratrol has the activity to inhibit the phagocytic activity of macrophages toward 217 bacteria regardless of TLR stimulation. 218
Inhibition of NF-κ κ κ κB activation by resveratrol. To get an insight into the molecular 219 mechanisms underlying the resveratrol-induced impairment of phagocytosis enhanced by 220 TLR2 stimulation, we examined whether resveratrol suppressed the transcriptional activity of 221 NF-κB, which is known to be activated downstream of the TLR2 signaling pathway. Neither 222 the heat-killed bacteria nor FSL-1 could stimulate NF-κB in wild-type HEK293 cells in the 223 absence or presence of resveratrol (data not shown). In contrast, the NF-κB activity in 224 HEK293 cells stably expressing TLR2 (293/TLR2) was activated by FSL-1 in a 225 dose-dependent manner and the FSL-1-induced enhancement was inhibited by resveratrol 226 (Fig. 4A) . The heat-killed bacteria also had activity to stimulate NF-κB in 293/TLR2 cells and 227 the activity was also suppressed by resveratrol in a dose-dependent manner (Fig. 4B) . Upon 228 activation, the p65 element of NF-κB is translocated from the cytoplasm to the nuclei. 229 Therefore, the intracellular localization of p65 in 293/TLR2 cells in response to these 230 bacterial stimulation was examined. p65 of NF-κB was translocated into nuclei in 293/TLR2 231 cells, but the translocation was inhibited by resveratrol (Fig. 4C) . These results also suggest 232 that E. coli and S. aureus possess TLR2 ligands on the cell surfaces. 233
Inhibition of TNF-α α α α production by resveratrol. Since the transcription factor NF-κB plays 234 an important role in the expression of a large amount of inducible genes, including genes for 235 inflammatory cytokines (14), an experiment was carried out to determine whether resveratrol 236 inhibites TNF-α production by THP-1 cells and RAW264.7 cells. It is thought that the 237 gram-negative bacterium E. coli is mainly recognized by TLR2 and TLR4, whereas the 238 gram-positive bacterium S. aureus is mainly recognized by TLR2, but not by TLR4 (20) . 239 Therefore, RAW264.7 cells and THP-1 cells were stimulated by both bacteria, and the amount 240 of TNF-α produced was measured by ELISA. It was found that S. aureus and E. coli 241 stimulated both types of cells to induce production of TNF-α in a time-dependent manner (Fig.  242   5A, B) . S. aureus and E. coli stimulated THP-1 cells more strongly than RAW264.7 cells (Fig.  243   5A, B) , and RAW264.7 cells were stimulated more strongly by E. coli than by S. aureus (Fig.  244   5A) . The difference in the profile of TNF-α production by between THP-1 and RAW264.7 245 cells might be explained by the difference of expression levels of TLR2 and TLR4, although 246 we can not rule out other potential reasons for the differences in TNF-α production between 247 these cell types. That is, the expression levels of TLR2 and TLR4 in THP-1 cells might be 248 higher than those in RAW264.7 cells and/or the expression level of TLR4 might be higher 249 than that of TLR2 in RAW264.7 cells. 250
Inhibition of phagocytic receptor-mediated bacterial phagocytosis by resveratrol. It 251
has recently been reported that TLR-mediated signaling pathways lead to upregulation of 252 mRNAs of phagocytic receptors, including scavenger receptors (SRs) and C-type lectin 253 receptors (CLRs) (7). Several lines of evidence have indicated that SRs and CLRs function as 254
PRRs and mediate phagocytosis of microbes by phagocytes (11, 16, 21, 22). We have also 255 found that FSL-1 stimulation is able to induce upregulation of the expression of mRNAs of 256 MSR1, CD36, DC-SIGN and Dectin-1 in THP-1 cells (Fig. 6A and (13) ). Therefore, we 257 examined whether resveratrol inhibited the FSL-1-induced upregulation of the expression 258 of their mRNAs and found that resveratrol inhibited the FSL-1-induced upregulation (Fig.  259   6A) . Therefore, inhibition of the FSL-1-induced enhancement of phagocytosis by resveratrol 260 may be explained by downregulation of the expression of mRNAs these phagocytic receptors. 261
In order to further confirm this, we established HEK293 cells stably expressing DC-SIGN and 262 examined the phagocytosis activity of the cells toward E. coli and S. aureus. It was found that 263 the expression of DC-SIGN in the transfectant was reduced by resveratrol ( Fig. 6B) and that 264 phagocytosis activity of 293/DC-SIGN cells clearly increased as the ratios of bacteria/cells12 increased, and resveratrol significantly inhibited the phagocytosis activity in a dose-dependent 266 manner (Fig. 6C) . 267
On the basis of these results, it was concluded that resveratrol inhibited the bacterial in cell surface components of target microbes, the eukaryotic microbe Candida albicans and 305 the prokaryotic microbe bacteria. The C-type lectin Dectin-1 does not only function as a 306 recognition receptor of Candida albicans but also as a phagocytic receptor (6, 10). Therefore, 307 it is thought that the enhancement of phagocytosis of Candida albicans was mediated by 308 Dectin-1. In addition, we have recently reported that HEK293 cells expressing Dectin-1 do 309 not ingest E. coli and S. aureus (13). Thus, phagocytic receptors for yeast seem to be different 310 from those for bacteria. This may explain the discrepancy described above, although the exact 311 mechanism remains unknown. 312
Thus, the present study demonstrated that resveratrol does not only inhibit activation of 313 NF-κB induced by TLR2-mediated signals but also inhibits phagocytosis of macrophages 314 regardless of TLR stimulation. Judging from our results and the immunomodulatory effects 315
